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I.  INTRODUCTION 


One  of  the  most  important  aspects  to  typhoon  track  forecasting  is 
recurvature.  Generally  speaking,  the  weather  forecaster  is  most  interested 
in  whether  a  typhoon  will  move  west-northwestward  or  will  recurve  toward 
the  northeast.  Although  the  track  forecast  after  recurvature  usually  has 
not  been  given  much  research  attention,  it  accounts  for  the  largest  mean 
position  error.  This  is  mainly  due  to  increasing  speed  after  recurvature. 
Burroughs  and  Brand  (1973)  (noted  here  as  B  and  B)  in  a  statistical  study 
of  recurving  typhoons  for  the  period  1961-69  showed  that  the  24-hour 
forecast  errors  increased  from  114  n  mi  for  nonrecurving  typhoons  to  141 
n  mi  for  recurving  typhoons  and  further  to  165  n  mi  for  forecasts  after 
recurvature.  Using  a  larger  data  sample,  from  1945-69,  they  determined 
the  seasonal  frequencies  and  areas  of  recurvature  and  the  relative  speeds 
and  directions  of  movement  before  and  after  recurvature  and  derived 
multiple  regression  equations  to  aid  forecasting  the  speed  of  movement 
after  recurvature.  In  addition,  they  examined  synoptic  situations  during 
recurvature  and  devised  some  "rules  of  thumb"  that  related  the  large- 
scale  circulation  to  storms  with  greater  or  less  acceleration  than 
average  after  recurvature.  However,  the  operational  forecasts  for 
recurving  storms  have  not  improved.  Comparable  24-hour  errors  for  1978-80 
typhoons  were  104  n  mi  for  nonrecurvers ,  129  n  mi  for  recurvers  and  183 
n  mi  after  recurving. 

This  study  examines  the  statistics  of  recurving  typhoons  for  the 
period  1970-79  and,  through  selected  case  studies,  identifies  factors 
which  may  help  forecasting. 

(FIGURES  1-28  SHOWN  ON  PP  28-56) 


J 


II.  DATA  SOURCES 


The  direction,  speed  of  movenent  and  intensity  of  typhoons  were 
extracted  from  the  Annual  Typhoon  Reports  (  1970-79)  of  the  Joint  Typhoon 
Warning  Center  (JTWC)  at  Guam.  Selected  periods  of  synoptic  charts  and 
additional  data  were  obtained  from:  (1)  Typhoon  "data  packages"  from 
JTWC,  containing  the  analyzed  operational  charts  for  the  surface,  700  mb, 
500  mb  and  200  mb  levels,  satellite  data,  fixes,  warning  messages,  etc.; 

(2)  Daily  synoptic  charts  on  microfilm  from  the  Royal  Observatory,  Hong 
Kong;  (3)  Daily  synoptic  charts  and  tabulated  data  published  by  the  Japan 
Meteorological  Agency;  (4)  500  mb  prognostic  charts  from  the  Fleet  Numer¬ 
ical  Oceanography  Center  (FNOC);  and  (5)  Mean  monthly  wind  charts  from 
Sadler  and  Harris  (1970)  and  Ramage  and  Raman  (1972). 

III.  GENERAL  FEATURES  OF  RECURVING  TYPHOONS 

From  the  Annual  Typhoon  Reports  (1970-79),  we  considered  typhoons 
which  recurved  over  the  western  North  Pacific  or  the  South  China  Sea, 
excepting  those  which  moved  across  the  mainland  of  China.  There  were  71 
recurving  typhoons  during  this  period. 

A.  Track  Types 

The  tracks  of  recurving  typhoons  can  be  divided  into  three 
types.  Examples  are  shown  in  Fig.  1.  The  most  frequent  track,  followed 
by  50  typhoons,  is  a  regular  clockwise  parabola.  The  common  characteristic 
of  this  type  is  a  rather  uniform  directional  change  from  west-northwestward 
to  northeastward.  The  second  type  is  prolonged  recurvature.  Typhoon  move¬ 
ment  first  changes  gradually  from  west-northwestward  to  northward  for  a 
prolonged  period  before  turning  toward  northeast.  There  were  ten  prolonged 
recurvatures  during  this  ten-year  period.  The  third  type,  erratic 


movement,  comprises  two  subtypes.  In  one  the  typhoon  loops  at  recurvature 
and  remains  almost  stationary  for  2-3  days.  In  the  other  the  typhoon 
follows  a  clockwise  or  counterclockwise  parabolic  track  as  it  weakens  to 
less  than  tropical  storm  intensity.  There  were  11  erratic  typhoons. 

B.  Frequency 

The  monthly  distribution  of  the  total  typhoons  and  recurving 
typhoons  during  1970-79  is  shown  in  Table  1. 

The  50  typhoons  with  type  one  track  were  combined  with  the  ten 
type  two  track  typhoons  and  listed  as  normal  recurvers.  The  11  erratic 
typhoons  are  listed  separately  for  they  could  not  be  used  in  some  of  the 
subsequent  statistics.  The  frequency  of  recurving  tropical  storms  and 
typhoons  during  May- December  for  the  25-year  period  1945-69  from  B  and 
B  is  shown  in  the  last  line  of  Table  1. 

Forty-seven  percent  (71)  of  the  150  typhoons  in  our  ten-year 
period  recurved  over  the  western  North  Pacific.  Forty-nine  (44%)  of  112 
recurved  during  the  main  typhoon  season  (July-October).  Of  22  typhoons 
in  August,  14  (64%)  recurved.  In  spring  (March-June) ,  the  ratio  is 
highest  (12  of  17)— 70%. 

The  frequency  of  recurvature  is  significantly  different  between 
the  ten-year  period  and  the  preceding  25  years,  particularly  for  the  main 
typhoon  season  (July-October).  The  August  and  October  frequencies 
switched  rankings  between  the  two  periods  from  lowest  (34%)  to  highest 
(64%)  and  highest  (55%)  to  lowest  (33%),  respectively.  The  frequency  of 
recurvers  for  the  combined  months  of  May-December  increased  from  40%  to 
46%.  These  differences  cannot  be  attributed  to  the  inclusion  of  tropical 
storms  by  B  and  B  for  tropical  storms  have  a  higher  recurvature  rate  than 
typhoons.  Sixty  percent  of  tropical  storms  recurved  during  1970-79.  The 
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Monthly  frequency  of  recurving  typhoons  for  the  years  1970-79. 


recurvature  rate  of  typhoons  has  been  particularly  high  (65%)  during  the 
past  three  years  (1978-80). 

C.  Areal  Distribution 

Figure  2  shows  the  distribution  of  recurvature  points  for  the  71 
recurving  typhoons.  All  recurvature  points  lay  north  of  12N  while  in  the 
main  typhoon  season  (July-October)  they  lay  north  of  21N  with  only  one 
exception,  at  17M.  The  envelope  of  recurvature  points  moved  northward 
from  winter  to  summer  with  a  sudden  shift  of  about  10°  in  July-August  to 
its  northernmost  position.  The  envelope  gradually  retreats  southward  in 
September-November.  The  envelope  in  winter  and  spring  has  a  bandlike 
east-west  orientation  and  orients  west-southwest  to  east-northeast  in 
July-November.  In  the  main  typhoon  season,  the  recurvature  points  were 
concentrated  in  two  areas.  Twenty-one  typhoons  recurved  north  of  the 
line  Taiwan-Okinawa  and  west  of  133E.  Among  them,  17  occurred  in  mid¬ 
summer  (July-August)  out  of  a  total  of  23  in  that  period.  Nineteen 
typhoons  recurved  southeast  of  Japan  within  the  area  141-153E,  23-40N. 

Among  them,  15  occurred  in  September-October  out  of  a  total  of  26  in  that 
period.  The  separation  of  recurving  points  into  two  areas  with  a  minimum 
of  recurvers  between  130E  and  HOE  was  not  present  in  the  1945-69  data 
set  of  B  and  B.  In  fact,  in  the  earlier  period  recurvers  were  concentrated 
between  130E  and  HOE  with  a  minimum  west  of  130E. 

The  typhoon  recurvature  point  envelope  and  its  interseasonal 
shift  are  closely  related  to  the  mean  position  of  the  subtropical  ridge 
line  in  the  middle  and  upper  troposphere.  The  monthly  mean  positions  of 
the  500  mb  ridge  are  included  on  Fig.  2.  The  mean  ridge  is  essentially 
vertical  from  500  mb  through  200  mb  during  the  main  typhoon  season  with 
only  a  small  northward  tilt  with  height.  In  winter  and  spring  the  ridge 
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lies  near  15-20N.  It  moves  rapidly  northward  from  June  to  July  and 
reaches  its  most  northern  position  in  August.  The  retreat  southward 
from  summer  to  fall  is  more  gradual.  The  ridge  tilts  slightly  west- 
southwest  to  east-northeast  from  August  to  November.  Good  correspondence 
is  obvious  between  the  positions  of  the  axis  of  the  recurvature  points 
and  the  ridge  line  with  the  former  about  2-4°  north  of  the  latter.  In 
other  words,  in  the  mean,  typhoons  recurve  near  or  just  north  of  the  mean 
subtropical  ridge  line. 

D.  Maximum  Intensity  Relative  to  Recurvature 

Riehl  (1972),  in  a  statistical  study  of  the  intensity  of  recurv¬ 
ing  typhoons,  showed  that  in  66  typhoons  of  1957-68,  43  (65%)  reached 
maximum  intensity  within  +  12  hr  of  recurvature,  22  (30%)  reached  maximum 
intensity  one  day  or  more  before  recurvature,  and  only  one  reached 
maximum  intensity  one  day  after  recurvature.  However,  our  statistics 
differ  (Table  2).  Of  60  typhoons,  only  24  (40%)  reached  maximum  intensity 
within  +  12  hr  of  recurvature,  and  14  (23%)  reached  maximum  intensity  18 
to  48  hr  before  recurvature.  However,  7  typhoons  reached  maximum  inten¬ 
sity  18  to  48  hr  after  recurvature  and  5  typhoons  reached  maximum  inten¬ 
sity  54  hr  or  more  after  recurvature.  Also  10  typhoons  (19%)  attained 
maximum  intensity  54  hr  or  more  before  recurvature.  Eight  of  these  10 
were  supertyphoons  (>  130  kt). 
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Table  2.  Time  lag  (TL)  of  maximum  intensity  about  the  recurvature  point 


for  the  60  recurving  typhoons  during  1970-79. 


TL  (hr) 

<-78 

-72  to 
-54 

-48  to 
-18 

-12  to 
+12 

+18  to 
+48 

>+54 

Total 

Frequency 

6 

4 

14 

24 

7 

5 

60 

Percentage 

10 

7 

23 

40 

12 

8 

100% 

In  this  ten-year  period  there  were  31  supertyphoons--17  non¬ 
recurving  and  14  recurving.  Among  the  latter  (Table  3),  13  attained  an 
intensity  ^  130  kt,  then  recurved  30  or  more  hr  later.  Six  of  these  13 
recurved  78  or  more  hr  later  (the  longest  one  was  7  days  later).  Only  one 
typhoon  attained  supertyphoon  intensity  12  to  24  hr  before  recurving  and 
none  attained  this  status  at  or  after  recurvature.  This  indicates  that 
supertyphoons  generally  attain  maximum  intensity  well  before  recurvature. 
The  reason  for  this  could  be  that  because  a  supertyphoon  is  intense  and 
usually  large,  its  inertia  of  movement  Is  also  very  large  and  tends  to 
resist  recurvature  forces. 


Table  3.  Time  lag  (TL)  of  initial  supertyphoon  intensity  about  the 

recurvature  point  for  the  14  recurving  supertyphoons  during  1970-79. 


TL  (hr) 

<-78 

-72  to 
-54 

-48  to 
-30 

-24  to 
-12 

Total 

First  time  for 

V  >  130  kts 

6 

2 

5 

1 

14 
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Table  4.  Change  in  typhoon  intensity  (V)  around  the  recurvature  point 
for  the  60  normal  recurving  typhoons  during  1970-79- 


V  decreasing 

V  is 

V  increasing 

V  is 

throughout 

maximum 

throughout 

minimum 

-36  hr  to 

-12  hr 

-36  hr  to 

-12  hr 

+36  hr  about 

to  +12 

+36  hr  about 

to  +12 

recurvature 

hr 

recurvature 

hr 

Total 

Frequency 

24 

24 

11 

1 

60 

Percentage 

40.0 

40.0 

18 

2 

100% 

The  distribution  of  typhoon  intensity  changes  from  36  hr  before 
to  36  hr  after  recurvature  is  shown  in  Table  4.  There  were  as  many 
typhoons  (24%)  decreasing  in  intensity  through  the  period  -36  hr  to  +36 
hr  about  recurvature  as  there  were  attaining  maximum  intensity  near 
recurvature  (24%),  while  11  typhoons  increased  in  intensity  through 
recurvature.  If  we  take  the  ratio  of  intensities  at  24  to  36  hr  before 
and  after  recurvature  (R^)  to  represent  the  degree  of  intensity  change, 
there  were  25  (42%)  with  large  decreases  in  intensity  (R^  <  0.75),  12 
(20%)  with  large  increases  (R^  >  1.38)  and  23  (38%)  with  little  change 
(0.75  <  Ry  <  1.38). 

E.  Speed  of  Movement  Relative  to  Recurvature 

Table  5  gives  the  speed  change  of  typhoon  movement  within  +  36 
hours  about  recurvature.  More  than  half  (52%)  of  the  recurving  typhoons 
were  moving  slowest  at  recurvature.  Forty  percent  accelerated  while  only 
7%  slowed  through  the  -36  to  +36  hour  period  about  recurvature.  If  we 
take  the  ratio  of  movement  speeds  (R^)  at  24  to  36  hours  before  and  after 
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recurvature  to  represent  the  acceleration,  40  (67%)  experienced  large 
acceleration  (R  >  1.45),  8  (13%)  large  deceleration  (R  <  0,75)  and  12 

^  V 

(20%),  near  uniform  motion  (0.75  <  <  1.45),  Their  monthly  distribution 

is  shown  in  Table  6. 

Table  5.  The  speed  change  of  typhoon  movement  about  recurvature  for  the 
60  normal  recurving  typhoons  during  1970-79. 


C  increasing 
throughout 
-36  hr  to 
+36  hr  about 
recurvature 

C  is 
minimum 
-12  hr 
to  +12 
hr 

C  decreasing 
throughout 
-36  hr  to 
+36  hr  about 
recurvature 

C  is 
maximum 
-12  hr 
to  +12 
hr 

Total 

Frequency 

24 

31 

4 

1 

60 

Percentage 

40 

52 

7 

2 

100% 

Table  6.  Monthly  distribution  of  moving  speed  change  types  during 

the 

-36  hr  tc 

1  +36  hr  period 

for  the  60 

normal  recurving 

typhoons  during 

1970-79. 

Jan  Mar 

May 

July  Sept 

Nov 

Feb  Apr 

June 

Aug  Oct 

Dec 

Year 

Accelerating 

1  1  2 

2 

4  6  10  8 

4  2 

40 

Decelerating 

1 

1  2 

2  1  1 

8 

Table  7.  The  average  movement  speed  (kts)  distribution  within  three  days  about  recurvature  point,  in  6  hr  and 
daily  increments,  for  the  40  accelerating  and  eight  decelerating  recurving  typhoons  during  1970-79.  Data 
sample  when  less  than  total  sample  is  shown  in  parentheses. 


CM 


age 


The  average  speeds  of  movement  within  +_  3  days  of  recurvature 
in  6-hour  and  daily  increments  are  shown  in  Table  7  for  the  8  decelerating 
and  40  accelerating  typhoons.  The  sample  size  decreases  rapidly  for 
accelerating  typhoons  at  times  greater  than  36  hours  after  recurvature  and 
only  7  tracks  were  carried  to  72  hr  after  recurvature.  Therefore  the 
indication  that  the  moving  speed  of  accelerating  typhoons  peaks  near  36 
hr  after  recurvature  is  probably  not  real  but  due  to  sample  bias.  The 
total  sample,  although  small,  indicates  that  decelerating  typhoons  tend 
to  have  a  greater  speed  of  movement  than  accelerating  typhoons  at  periods 
of  1-3  days  before  recurvature. 

F.  Discussion 

The  differences  in  the  statistical  parameters  of  this  data  set 
compared  to  those  used  by  B  and  B  and  Riehl  emphasize  that  climatology 
can  furnish  only  the  gross  bounds  of  the  forecast  parameters.  As  B  and  b  did, 
we  also  examined  synoptic  patterns  during  the  recurvature  of  accelera¬ 
ting  and  decelerating  typhoons  in  the  September-November  period  in 
search  of  some  general  forecasting  "rules  of  thumb."  For  this  we  used 
the  published  500  mb  analyses  of  the  Japan  Meteorological  Agency.  The 
results  were  not  significantly  different  from  B  and  B's  which  were  based 
on  the  700  mb  level.  However  we  think  that  lower  levels,  even  500  mb,  are 
not  as  good  as  250  or  200  mb  for  case  studies  of  anomalous  and  hard  to 
forecast  typhoons.  This  reasoning  is  based  on  the  facts  that  not  only  do 
sparse  data  at  700  and  500  nb  prevent  adequate  analyses,  but  that  the 
lower  levels  do  not  reflect  the  complexity  of  the  upper  troposphere  in 
the  western  Pacific.  During  the  main  typhoon  season  from  July-October, 


a  double  ridge  system  (subequatorial  and  subtropical)  separated  by  the 
tropical  upper  tropospheric  trough  (TUTT)  dominates  the  region.  However, 
this  study  is  not  concerned  with  devising  general  rules  but  is  directed 
toward  the  specific  problem  of  typhoon  acceleration  after  recurvature. 

IV.  CASE  STUDIES  OF  TYPHOONS  WHICH  ACCELERATED  AFTER  RECURVATURE 
A.  History  of  Selected  Typhoons 

Three  1979  typhoons  were  selected  for  study.  Typhoon  Irving  in 
August,  Owen  in  September  and  Tip  in  October  rapidly  accelerated  after 
recurvature,  leading  to  greater  than  average  forecast  errors.  Spanning  a 
period  from  mid-August  to  mid-October,  they  were  ideal  for  study  since  a 
seasonal  influence  could  be  evaluated.  Their  differing  histories  are 
shown  in  Figs.  3-5  and  Table  8. 


Table  8.  Typhoon  histories. 


Typhoon 

Irving 

Owen 

Tip 

Recurving  time 

OOZ  Aug  16 

OOZ  Sept  29 

18Z  Oct  17 

Recurving  position 

SO^N,  124°E 

28°N,  130°E 

24°N,  128'’E 

V 

max 

90  kts 

no  kts 

165  kts 

Time  lag  of  V 

-6  hr 

-72  hr 

-132  hr 

to  recurvature 

Average  speed  C^^  for  4 

8.3  kts 

5.8  kts 

6.7  kts 

days  before  recurvature 

Average  speed  C^  for  42 

23.6  kts 

24.5  kts 

34.5  kts 

hours  after  recurvature 

2.84 

4.22 

5.15 
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Irving  was  relatively  weak  (90  kts);  Owen  was  of  moderate 
intensity  (110  kts);  and  Tip  was  a  supertyphoon  (165  kts)  with  the  lowest 
sea  level  pressure  and  largest  circulation  diameter  on  record  (Dunnavan  and 
Diercks,  1980).  Irving  recurved  near  time  of  maximum  intensity,  Owen  three 
days  after,  and  Tip  more  than  five  days  after.  Irving  did  not  begin  to 
accelerate  until  some  18  hours  after  recurvature.  Owen's  acceleration 
began  within  six  hours  of  recurvature  and  Tip  was  already  accelerating  at 
recurvature.  The  rate  of  acceleration,  measured  by  the  ratio  of  the  average 
speed  during  four  days  before  recurvature  to  that  for  42  hours  after 
recurvature  (C  /C.  )  shows  that  Tip  (5.15)  accelerated  faster  than  Owen 

d  D 

(4.22)  and  both  accelerated  much  faster  than  Irving  (2.84).  The  recurvature 
tracks  were  also  quite  different.  Irving  had  a  prolonged  path  to  the  NNW 
and  recurved  gradually,  Owen  also  underwent  prolonged  recurvature  but  had 
two  recurvature  points  (the  most  northern  one  is  the  defined  recurvature 
point);  and  Tip's  track  was  a  classic  parabola. 

Initially  we  screened  and  studied  the  material  available  from 
JTWC--analyses,  forecasts,  prognostic  reasonings,  objective  forecasts, 
etc. --to  determine  the  major  forecast  problems  with  the  three  typhoons  and 
to  reexamine  the  recurvature  periods  for  any  synoptic  clues  that  may  have 
been  overlooked  or  misanalyzed  under  operational  pressure  and  time  limitations. 

B.  Forecast  Errors  Relative  to  Recurvature 

Judged  by  the  24-hour  forecast  errors,  forecasting  for  all  three 
typhoons  was  more  difficult  than  average.  The  average  error  for  all 
tropical  cyclones  in  1979  was  124  n  mi  compared  to  163,  146  and  135  for 
Irving,  Owen  and  Tip,  respectively.  All  three  had  above  average  forecast 
errors  during  the  initial  four  or  five  days  due  to  long  anomalous  tracks 
while  still  depressions  or  tropical  storms  (Figs.  3-5);  however,  the 
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largest  errors  were  made  after  recurvature  (Table  9). 

The  large  errors  were  due  mainly  to  acceleration  because  JTWC 
forecast  the  recurvature  paths  very  well.  Irving  did  not  begin  to  accelerate 
until  18  hours  after  recurvature  and  the  errors  were  below  average  for  the 
24-hour  forecast  made  at  and  6  hours  after  recurvature.  The  errors  for 
Owen  were  also  below  normal  for  the  first  two  forecasts  after  recurvature 
because  it  was  moving  slowly.  Tip  accelerated  through  recurvature;  the 
large  forecast  error  of  289  n  mi  made  at  recurvature  time  was  more  than 
twice  the  error  of  the  forecast  made  12  hours  earlier. 

The  "jogs"  in  the  long  northerly  tracks  of  Irving  and  Owen  produced 
some  false  recurvature  forecasts  with  a  few  moderately  large  forecast  errors. 
As  discussed  earlier,  the  circulation  in  the  upper  troposphere  appears  to 
be  best  related  to  the  tracks.  Figure  6  is  the  200  mb  analysis  (after  JTWC) 
at  12Z  on  13  August  near  the  beginning  of  Irving's  northerly  movement  and  when 
the  first  JTWC  recurvature  forecast  was  made.  Irving,  at  22N,  had  passed 
through  the  subequatorial  ridge  (SER)  and  was  located  between  the  latitudes 
of  the  SER  and  the  TUTT  with  westerly  flow  to  the  east.  However,  although 
the  subtropical  ridge  (STR)  was  in  its  normal  latitude  of  SON  over  China, 
both  the  TUTT  (33N)  and  STR  (38N)  near  Japan  were  north  of  normal.  A  storm 
located  between  the  SER  and  the  TUTT  usually  drifts  northwestward  (Sadler, 
1976).  Irving  finally  recurved  at  SON  on  the  16th  after  the  TUTT  and 
western  Pacific  segment  of  the  STR  had  retreated  southward  to  their  normal 
posi tions. 

The  200  mb  circulation  at  the  first  recurvature  point  of  Owen 
(Fig.  7)  was  different  from  that  described  above  for  Irving.  The  STR  over 
China  had  undergone  its  normal  seasonal  shift  southward  to  near  22N  by 
27  September  and  Owen  began  to  recurve  on  passing  through  this  latitude; 
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Table  9.  24-hour  forecast  errors  (n  mi)  at  and  after  recurvature  for 
typhoons  Irving,  Owen  and  Tip. 


IRVING 
Forecast 
made  at 

Error 

OWEN 
Forecast 
made  at 

Error 

TIP 

Forecast 
made  at  Error 

16/OOZ 

39 

29/00 

82 

17/18 

289 

16/06 

68 

29/06 

84 

18/00 

330 

16/12 

219 

29/12 

197 

18/06 

431 

16/18 

285 

29/18 

331 

18/12 

539 

17/00 

291 

30/00 

417 

18/18 

422 

17/06 

362 

-  -  - 

_ 

Average 

211 

222 

404 

Average  error 
for  total 
lifetime  163 

146 

135 

however,  the  western  Pacific  branch  of  the  STR,  north  of  the  TUTT,  vvas 
near  29N  and  Owen  turned  slightly  back  to  the  north  and  did  not  recurve 
until  crossing  the  latitude  of  this  ridge  on  the  29th. 

During  the  recurvature  period  of  Tip,  the  upper  tropospheric 
circulation  was  more  simple  than  for  either  Irving  or  Owen.  By  mid-October 
the  TUTT  had  receded  eastward  of  150E  and  the  STR  had  moved  southward  to 
24N  over  the  western  Pacific  southeast  of  Japan  and  tilted  southwestward 
to  link  smoothly  with  the  STR  over  east  China  near  21N.  Tip  executed  a 
near-perfect  parabolic  recurve  path  centered  at  24N  on  the  17th. 

The  subjective  track  forecasting  of  Irving  and  Owen  using  satellite 


pictures  was  discussed  by  Bao  (1981). 


C.  Evaluation  of  Some  Forecast  Aids 


The  Fleet  Numerical  Oceanography  Center  (FNOC),  using  a 
tropical  cyclone  model  (TCM)  with  interactive  boundary  conditions  provided 
forecasts  for  operational  testing  at  JTWC  during  the  1979  typhoon  season. 
Typhoons  Irving,  Owen,  and  Tip  were  positioned  within  the  densest  available 
data  during  and  after  recurvature  and  therefore  ensured  optimum  evaluation 
of  the  model  performance.  TCM  forecasts,  available  at  12-hour  intervals, 
are  compared  to  JTWC  forecasts  in  Table  10. 


Table  lo.  Evaluation  of  FNOC  objective  forecasts  and  B  and  B  statistical 
forecasts  < 


Average  error  of 

24-hr  forecast  Average  24-hr 

made  nearest  re-  error  for  sub-  Speed  (kts)  at 


curvature  time 
and  12  hr  later 

sequent  fore¬ 
casts 

36  hrs  after 
recurvature 

JTWC 

TCM 

JTWC 

TCM 

Observed 

B&B  fcst 

Irving 

129 

193 

291  (!)♦ 

393 

23 

23 

Owen 

61 

116 

232  (3) 

351 

15  (5)^^ 

5  (12) 

Tip 

145 

202 

338  (1) 

502 

48 

24 

♦Number  of  comparable  forecasts. 

♦♦First  recurvature  point  at  OOZ  26  September  (see  Fig.  4). 


The  model  forecast  errors  greatly  exceeded  those  of  JTWC  for 
every  forecast  during  and  after  recurvature. 

The  material  received  from  JTWC  did  not  reveal  that  the  forecast 
speed  of  typhoons  at  36  hours  after  recurvature  are  routinely  determined 
using  the  statistical  regression  equations  of  B  and  B.  Our  forecasts 
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using  the  equations  are  compared  to  the  observed  speed  in  the  last  columns 
of  Table  lo.  The  forecast  for  Irving  was  good  but  those  for  Owen  and  Tip 
were  much  too  slow. 

D.  Upper  Tropospheric  Flow  and  Typhoon  Acceleration  after  Recurvature 
1.  200  mb  flow  patterns 

Large  forecast  errors  a^ter  recurvature,  such  as  occurred 
with  Typhoons  Irving,  Owen,  and  Tip,  are  likely  to  be  first  attributed  to 
a  failure  to  forecast  conditions  west  of  the  recurvature  longitude.  This 
involves  the  movement  and/or  the  deepening  of  an  upper  tropospheric  trough 
which  greatly  accelerates  the  southwesterly  flow  over  and  around  the  filling 
typhoon  and  causes  it  to  rapidly  accelerate. 

A  study  of  the  JTWC  200  mb  analyses  and  an  evaluation  of  the 
FNOC  12,  24,  36,  and  72  hour  500  mb  wind  forecasts  showed  definitely  that 
such  a  forecast  error  was  not  a  factor.  No  significant  trough  formed  in 
or  moved  across  the  region  during  the  periods  of  the  typhoons.  This  is 
confirmed  in  Figs.  8-10  by  the  positions  and  orientations  of  the  jet 
stream  axis  for  two  to  three  days  before  and  after  recurvature.  Allowing 
for  li.t  normal  southward  seasonal  shift  of  the  jet  from  August  to  October, 
the  position  and  time  changes  of  the  jet  axis  with  respect  to  the  typhoons 
were  similar.  During  the  three  days  prior  to  recurvature  a  slight  ENE  to 
WSW  tilt  of  the  jet  axis  remained  unchanged  as  did  the  position  of  the  jet 
maximum  speed  northwest  of  the  typhoons  (shown  by  the  solid  triangles  on 
the  jet  axis).  Also,  the  latitude  of  the  200  mb  ridge  over  east  China 
changed  very  little  (Table  11).  Obviously  no  trough  perturbations  traversed 
the  area  to  the  west  of  the  typhoons  during  the  three-day  period  prior  .o 
recurvature . 

Beginning  near  recurvature  time  the  jet  axis  rotated  counter¬ 
clockwise,  shifting  slightly  southward  west  of  the  typhoons  and  northward 
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to  the  north  and  east  of  the  typhoons.  The  typhoons  moved  parallel  to  the 
jet  axis  after  recurvature.  The  change  in  orientation  of  the  jet  axis 
during  recurvature  was  not  due  to  a  transient  trough  in  the  westerlies 
but  to  the  effect  of  the  typhoons  which  will  be  noted  later  in  discussions 
of  the  500-200  mb  thickness  patterns. 

Table  ii.  Variation  in  latitude  of  200  mb  jet  stream  and  subtropical  ridge 
over  east  China  during  the  three  days  before  typhoon  recurvature. 


Typhoon 

Irving 

Owen 

Tip 

Recurving  latitude  0q 

30N 

28N 

24N 

Lati tude  of  200  mb 

27-29N 

22-24N 

20-21N 

ridge  e-j 

®r®o 

-1  to  -3° 

Lat 

-4  to  -6°  Lat 

-3  to  -4°  Lat 

Lati tude  of  200  mb 

jet  stream  02 

41-43N 

36-37N 

33-34N 

O 

CD 

1 

CVJ 

CD 

11  to  13° 

Lat 

8  to  9°  Lat 

8  to  9°  Lat 

Since  no  major  transient  systems  in  the  westerlies  were 
involved  in  the  forecasts  of  these  three  typhoons,  we  investigated  the 
structure  of  the  upper  troposphere  to  the  north  of  the  typhoons  with 
emphasis  along  the  future  tracks.  The  typical  wind  profiles  in  the 
vertical  along  the  typhoon  track  can  be  roughly  classified  into  three 
types  as  shown  in  Fig.  11.  The  first  (refer  to  area  A  of  Fig.  11)  is 
associated  with  the  typhoon  circulation  in  the  tropics.  The  wind  is 
strongest  near  the  surface  and  sharply  decreases  with  height  while  the 
wind  direction  changes  very  little.  The  second  type  (area  B)  is  associated 
with  the  subtropical  ridge.  An  easterly  component  in  the  lower  layers 
underlies  a  westerly  component  while  speeds  are  normally  moderate  in  both 


layers  with  a  relative  minimum  in  the  transition  zone.  The  third  type 
(area  C)  is  observed  in  the  higher  latitude  westerly  wind  belt.  A 
westerly  wind  increases  rapidly  with  height. 

The  influence  of  the  environmental  wind  field  changes  as  the 
typhoon  recurves  and  moves  northward.  While  south  of  the  ridge,  and  within 
the  tropics,  the  typhoon  dominates  the  circulation  for  a  considerable  radius 
and  throughout  the  depth  of  the  troposphere.  As  it  moves  northward  through 
the  ridge,  usually  at  a  weakness  or  break  in  the  ridge,  the  typhoon  is 
usually  weakening;  perhaps  of  greater  importance  the  depth  of  the  closed 
circulation  decreases  from  the  top.  As  it  moves  into  the  westerlies,  while 
continuing  to  decrease  in  intensity  and  depth,  the  typhoon  is  engulfed  by 
the  environmental  westerlies  and  its  closed  circulation  is  restricted  to 
the  lower  troposphere.  These  rapid  after-recurvature  changes  in  typhoon 
dimensions  and  the  increasing  influence  of  the  environmental  flow  on  vortex 
movement,  while  important  to  the  forecast  problem,  cannot  be  measured  and 
furnished  as  an  aid  to  the  forecaster.  However,  since  the  influence  of 
the  storm  in  altering  the  surrounding  environment  decreases  with  time 
after  recurvature,  the  large-scale  environment  was  analyzed  around  the 
times  of  recurvature  to  determine  its  space  and  time  distribution  and 
variability  along  the  tracks  of  Irving,  Owen,  and  Tip. 

2.  500-200  mb  thickness 

The  warm  cored  typhoon  transports  large  amounts  of  latent  heat 
of  condensation  to  the  middle  and  upper  troposphere.  As  a  result  the 
isobaric  surfaces  are  inflated  and  a  ridge  develops  at  these  levels. 
Maximum  transport  northward  on  the  east  side  of  a  typhoon  builds  the  ridge 
toward  the  northeast.  We  used  the  height  difference  between  500  and  200 
mb  to  indicate  the  mean  temperature  structure  in  the  middle  to  upper 
troposphere. 
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Figure  12  shows  an  analysis  of  the  thickness  field  at  OOZ  on 
28  September  just  before  Typhoon  Owen  recurved.  The  thickness  center  over 
the  typhoon  and  the  ridge  to  the  northeast  are  prominent  features.  Note 
that  the  future  track  of  Typhoon  Owen  was  along  the  thickness  ridge.  How¬ 
ever,  caution  is  advised  in  using  this  feature  as  a  forecast  aid  for  such 
good  correspondence  is  not  always  observed.  The  thickness  center  and  a 
ridge  oriented  to  the  northeast  were  also  prominent  features  associated 
with  Typhoons  Irving  (Figs.  13  and  14)  and  Tip  (Fig.  15)  near  recurving 
time;  however,  their  future  tracks  were  not  always  in  the  direction  of 
maximum  ridging.  However,  the  forecaster  should  keep  in  mind  and  account 
for  the  effect  of  the  ridging  in  rotating  the  jet  axis  to  a  more  southerly 
direction  north  of  the  typhoon,  as  illustrated  in  Figs.  8-10.  We  found 
no  persistent  feature  in  the  thickness  patterns  to  aid  in  the  forecast  of 
a  typhoon's  speed  after  recurvature. 

3.  850-200  mb  wind  shear 

We  next  examined  the  distribution  of  shear  in  the  vertical 
around  and  to  the  north  of  the  typhoons.  Figures  16-21  are  analyses  of 
the  shear  from  850  to  200  mb  near  the  time  of  recurvature  of  the  typhoons. 

The  patterns  of  shear  direction  shown  by  the  streamlines  are  quite  similar. 
Anticyclonic  shear  is  associated  with  each  typhoon  and  westerly  shear  is 
observed  to  their  north.  The  patterns  are  quite  stable  over  the  12- hour 
span  between  analyses. 

Outside  of  the  region  dominated  by  the  typhoon  (within  the 

dotted  line),  the  pattern  and  magnitude  of  the  shear  are  also  stable  over 

the  12-hour  span  between  analyses;  however,  there  is  a  large  difference 

between  typhoons.  North  of  Typhoon  Irving  a  field  of  minimum  shear  separates 

the  typhoon  associated  maximum  from  the  jet  stream  maximum  (Figs.  16  and 

17).  Irving  accelerated  very  slowly  for  the  first  24  hours  after 
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recurvature.  The  jet  stream  shear  maximum  merged  with  the  typhoon 
associated  maximum  for  both  Owen  (Figs.  18  and  19)  and  Tip  (Figs.  20  and 
21)  with  a  large  southward-directed  gradient  but  both  the  magnitude  and 
the  gradient  of  the  shear  vjere  greater  for  Tip.  After  recurvature  Tip 
accelerated  more  rapidly  than  Owen  and  attained  a  higher  forward  speed. 

There  appears  to  be  some  after-recurvature  forecast  value  in 
an  analysis  of  the  shear  field;  however,  north  of  the  subtropical  ridge 
line  the  greatest  contributor  to  the  850  to  200  mb  shear  is  the  wind  at 
the  high  levels;  therefore,  the  wind  field  in  the  upper  troposphere  should 
be  as  good  or  perhaps  better  than  the  shear  field  as  an  aid  to  forecasting. 

4.  500-200  mb  averaged  wind  speeds 

The  above  was  tested  by  analyzing  the  wind  speeds  averaged 
from  500  to  200  mb  at  recurvature  time  and  at  12  hours  before  and  after 
recurvature.  The  analyses  at  recurvature  are  shown  in  Figs.  22-24.  (The 
pattern  at  12  hours  before  and  after  were  quite  similar.)  Subjectively 
these  speed  patterns  have  a  better  relationship  to  the  future  movement  of 
the  typhoons  than  do  the  wind  shear  patterns. 

North  of  Irving  (Fig.  22)  a  narrow  minimum  speed  zone  of  less 
than  20  kts  existed  between  34  and  39N  and  reached  only  45  kts  at  45N. 
Irving  accelerated  slowly  for  the  first  36  hours  (Fig.  3)  to  a  maximum  of 
32  kts  before  being  dropped  as  a  depression  at  45N.  At  the  recurvature 
time  of  Owen  the  averaged  wind  analysis  (Fig.  23)  showed  a  jet  stream 
maximum  along  40N  and  the  wind  along  Owen's  future  track  ranged  from  30 
kts  at  33N  to  almost  80  kts  at  AON.  Owen  accelerated  rapidly  north  of  30N 
(Fig.  4)  to  47  kts  before  being  dropped  as  a  depression  at  AON.  At  the 
recurvature  time  of  Tip  (Fig.  24)  an  averaged  jet  core  of  near  70  kts 
crossed  the  future  track  near  36N.  North  of  the  jet  core  a  relative 
minimum  speed  zone  of  less  than  40  kts  crossed  the  track  at  41N.  Tip's 
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moving  speed  history  (Fig.  5)  corresponded  quite  well  to  this  pattern-- 
rapidly  acceleration  from  10  kts  at  recurvature  to  a  maximum  of  55  kts 
in  the  jet  core  region  beginning  at  35N  and  then  slowing  to  42  kts  in  the 
minimum  wind  speed  zone  north  of  AON. 

For  all  three  typhoons  there  appears  to  be  a  useful  forecasting 
relationship  between  the  distribution  of  the  upper  tropospheric  wind  speeds 
at  recurvature  time  and  the  subsequent  movement  of  the  typhoon.  To  better 
define  this  relationship  we  plotted  the  moving  speed  of  the  typhoon  and 
the  500-200  mb  average  upper  tropospheric  winds  along  the  typhoon  track 
(Figs.  25-27).  Owen  and  Tip  traversed  the  data-rich  area  of  Japan  and  fixed 
station  data  were  used.  Irving  remained  over  the  sea  for  most  of  the  time 
after  recurvature;  therefore,  wind  speeds  were  extracted  from  analyses  of 
the  Japan  Meteorological  Agency  and  the  Royal  Observatory,  Hong  Kong.  The 
average  wind  over  the  layer  from  500  to  200  mb  was  also  averaged  in  time 
for  three  different  intervals:  (1)  At  and  12  hours  prior  to  recurvature; 

(2)  at,  12  hours  and  24  hours  prior  to  recurvature;  and  (3)  12 

hours  and  24  hours  prior  to  recurvature.  (The  southern  positions  of  the 
wind  speed  curves  are  dominated  by  the  typhoon  circulation  and  are  shown 
thinner.)  The  curves  at  the  three  different  time  intervals  are  very  similar, 
indicating  that  the  large-scale  wind  field  was  stable  for  each  typhoon 
around  the  recurvature  time.  The  only  exception  was  the  slight  northward 
shift  of  the  minimum-maximum  pattern  north  of  Tip  between  12  to  24  hours 
and  0  to  12  hours  prior  to  recurvature.  The  close  relationship  of  the 
future  movement  of  the  typhoons  after  recurvature  to  the  observed  upper 
tropospheric  wind  field  at  and  before  recurvature  is  rather  remarkable. 

The  best  overall  correspondence  is  with  the  averaged  observations  at  and 
12  hours  before  recurvature.  A  movement  forecast  of  10  kts  less  than  the 
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observed  wind  speeds  at  these  times  would  have  produced  an  excellent 
forecast  within  +  5  kts  of  the  observed  movement  for  all  three  typhoons. 
These  results  would  seem  to  warrant  a  further  effort  in  testing  a  larger 
sample  of  past  typhoons.  Further  positive  results  should  be  field  tested. 
Forecast  wind  fields  should  also  be  tested.  Only  the  FNOC  500  mb  wind 
forecasts  were  tested  using  diagrams  similar  to  those  of  Figs.  25-27. 

The  results  were  poor.  In  addition  we  would  suggest  that,  since  most 
typhoons  do  not  traverse  a  good  observational  network,  the  vertically 
averaged  winds  could  be  replaced  by  data  extracted  from  a  good  250  or 
200  mb  wind  analysis  which  uses  a  composite  of  all  wind  observations 
from  observing  stations,  aircraft  and  satellites. 

E.  The  Real-Time  Test  of  a  Forecast  Aid 

The  opportunity  arose  for  a  real-time  test  of  the  last  suggested 
aid  during  Typhoon  Gay  in  October  1981.  Our  only  aids  were  copies  of  the 
12  hourly  250  mb  wind  analyses  from  the  National  Meteorological  Center 
and  the  surface  analyses  from  the  Honolulu  Forecast  Center.  The  one¬ 
time  forecasts  were  made  at  the  first  anticipation  of  recurvature  at 
12Z  on  20  October  and  extended  in  12  hr  increments  until  the  forecast 
position  crossed  40N,  which  for  both  of  our  independent  forecasts  was 
near  60  hr.  The  JTWC  forecast  was  used  for  comparison.  Their  forecast 
positions  for  12,  24,  48  and  72  hr  were  taken  from  the  surface  chart  as 
were  the  subsequent  positions  of  Gay;  therefore,  the  positions  are 
approximate  and  subject  to  the  errors  of  plotting  and  extraction  trom 
the  map.  The  forecast  positions  are  shown  in  Fig.  28  and  listed  in 
Table  12.  Our  forecasts  anticipated  the  acceleration  of  Gay  quite  well 
while  the  JTWC  forecast  was  much  too  slow,  particularly  beyond  36  hr. 


Table  12.  Forecasts  for  Typhoon  Gay  made  at  12Z  20  October  1981.. 


V.  SUMMARY 

Western  North  Pacific  tropical  cyclone  data  were  evaluated  for  the 
period  1970-79  to  determine  characteristics  of  the  recurving  typhoons 
near  and  after  recurvature.  Some  of  the  characteristics  differed  from 
those  reported  by  Burroughs  and  Brand  (1973)  and  Riehl  (1972)  in  studies 
of  earlier  data  sets. 

Typhoons  Irving,  Owen  and  Tip,  all  occurring  in  1979,  were  selected 
for  case  studies  to  search  for  factors  or  relationships  which  can  aid  in 
the  forecast  of  movement  speed  after  recurvature.  Each  accelerated 
after  recurvature  and  produced  greater  than  average  forecast  errors; 
however,  the  typhoons  differed  in  time  of  occurrence,  maximum  intensity, 
size,  speed  of  movement,  latitude  and  longitude  of  recurvature  and  rate 
of  acceleration  after  recurvature.  Analyses  of  the  upper  troposphere 
within  +  three  days  of  their  recurvature  revealed  that:  (1)  a  moving 
or  developing  trough  in  the  midlatitude  westerlies  was  not  a  significant 
factor  in  their  history  during  or  after  recurvature;  (2)  the  heat  export 
from  each  typhoon  produced  ridging  to  the  northeast  which  caused  a 
counterclockwise  rotation  in  the  orientation  of  the  jet  stream  in  the 
westerlies  north  of  the  typhoon  near  the  time  of  recurvature;  (3)  common 
to  all  three  typhoons  was  a  good  relationship  between  the  speed  of  move¬ 
ment  after  recurvature  and  the  observed  upper  tropospheric  wind  speed  ^ 
and  before  recurvature  averaged  between  500  and  200  mb  along  the  sub¬ 
sequent  track.  A  variation  of  this  last  finding--using  only  the 
observed  winds  at  250  mb--was  tested  in  a  real-time  forecast  for  Typhoon 
Gay  in  October  1981.  The  observed  acceleration  of  Gay  after  recurvature 
was  forecast  quite  well  at  the  time  of  recurvature. 
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1.  Illustration  of  three  common  types  of  recurving  typhoon  tracks.  See  text  for  discussion 
of  types .  . 


Distribution  of  typhoon  recurvature  points  for  the  period  1970-79.  Thin  lines--envelope 
recurvature  points.  Thick  lines— monthly  mean  positions  of  500  mb  subtropical  ridge. 


Fig.  3.  Typhoon  Irving  track,  intensity  (kt)  and  speed  of  movement  (kt) 
(From  JTWC,  1979) . 


Fig.  6.  200  mb  streamline  analysis  at  12Z,  13  August  (after  JTWC).  Wind  speed 

in  kt.  Position  of  Irving  shown  by  tropical  cyclone  symbol. 
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iod  of  three  days  before 


11.  Vertical  wind  profiles  at  OOZ  on  29  September  1979  for  observing 
stations  close  to  track  of  Typhoon  Owen.  Data  levels  are  from  850  to 
200  mb  as  indicated  on  the  ladder. 


12.  500  to  200  mb  thickness  analysis  at  OOZ  on  28  September.  Isolines  labeled  in  tens  of 
meters.  Position  of  Typhoon  Owen  indicated  by  the  storm  symbol.  Subsequent  track  shown  by 
heavy  solid  line. 


14.  500  to  ZOO  mb  thickness  analysis  at  12Z  on  16  August.  Isolines  labeled 
in  tens  of  meters.  Position  of  Typhoon  Irving  indicated  by  the  storm  symbol. 
Subsequent  track  shown  by  heavy  solid  line. 


130*  ^135*^  ^'40*  (A\  145*  150* 


lb.  bOO  to  ZOO  thickness  analysis  at  12Z  on  17  October.  Isolines  labeled 
in  tens  of  meters.  Position  of  Typhoon  Tip  indicated  by  storm  symbol. 
Subsequent  track  shown  by  heavy  solid  line. 


Fig,  18.  Same  as  Fig.  16  except  for  Typhoon  Owen  at  OOZ  on  29  September. 


Fig.  20.  Same  as  Fig.  16  except  for  Typhoon  Tip  at  12Z  on  17  October. 


Fig.  23.  Same  as  Fig.  22  except  for  Typhoon  Owen  at  OOZ  on  29  September, 
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Fig.  25,  Plot  of  moving  speed  of  Typhoon  Irving  (c)  and  the  averaged  wind  speed 
between  500  and  200  mb  (v)  along  the  typhoon  track  averaged  for  the  time 
periods  indicated  (hr)  in  relation  to  12Z  on  16  August  as  time  0. 


Fig.  26.  Plot  of  moving  speed  of  Typhoon  Owen  (c)  and  the  averaged  wind  speed 
between  500  and  200  mb  (v)  along  the  typhoon  track  averaged  for  the  time 
periods  indicated  (hr)  in  relation  to  12Z  on  29  September  as  time  0.  Wind 
observing  stations  along  ordinate. 
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APO  SAN  FRANCISCO  96301 

AFOSR/NC 
BOLLING  AFB 
WASHINGTON,  DC  20312 

CHIEF,  AEROSPACE  SCI.  BRANCH 
HQ.  1ST  HW  (MAC) 

HICKAM  AFB,  HI  96853 


COMMANDER 

NAVAIRSYSCOH  (AlR-03) 

DEPT.  OF  the  navy 
WASHINGTON,  DC  20361 

DIRECTOR 

NAVY  SCIENCE  ASST.  PROGRAM 
NAVSURFWEACEN.  WHITE  OAKS 
SILVER  SPRING,  MD  20910 

COMMANDER 

PACHISTESTCEN 

GEOPHYSICS  OFFICER  (CODE  3250) 
PT.  HUGO.  CA  93042 

NAVAL  POSTGRADUATE  SCHOOL 
METEOROLOGY  DEPT. 

MONTEREY,  CA  93940 

NAVAL  POSTGRADUATE  SCHOOL 
OCEANOGRAPHY  DEPT. 

MONTEREY.  CA  93940 


DIRECTOR  (12) 

DEFENSE  TECH.  INFO.  CENTER 
CAMERON  STATION 
ALEXANDRIA,  VA  22314 


OFFICE  OF  ENV.  Ii  LIFE  SCIENCES 
OFFICE  OF  THE  UNDERSECRETARY 
OF  DEFENSE  FOR  RESEARCH  & 
ENGINEERING  (LALS) 

RM.  30129,  THE  PENTAGON 
WASHINGTON,  OC  20301 

CHIEF,  MARINE  SCIENCE  SECTION 
U.S.  COAST  GUARD  ACADEMY 
NEW  LONDON,  Cl  06320 

ACQUISITIONS  SECTION  IRDB-D823 
LIBRARY  A  INFO.  SERV.  OIV. 
NOAA,  6009  EXECUTIVE  BLVD. 
ROCKVILLE,  MD  20852 


NAVAL  POSTGRADUATE  SCHOOL 
LIBRARY 

MONTEREY.  CA  93940 


MARINE  A  EARTH  SCI.  LIBRARY 
NOAA.  DEPT.  OF  COMMERCE 
ROCKVILLE,  MD  20852 
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NOAA 

OCEAHOGRAI'IMC  service  div. 

601U  laCUTIVE  ULVD. 

ROCKVU.Lt,  MU  20852 

federal  coordinator  for 

METtuROLOOlCAl.  SERVICES  & 
SUPPUR) INC  RESEARCH 
6010  EXECUTIVE  HLVD. 

ROCKVILLE,  MU  20852 

DIRECTOR 

national  hurricane  center 

NOAA,  GABLES  ONE  TOWER 
1320  S.  DIXIE  HWY. 

CORAL  GABLES,  FL  33146 

CHIEF,  SCIENTIFIC  SERVICES 
NWS,  SOUTHERN  REGION 
NOAA,  ROOM  IOL09 
819  TAYLOR  STREET 
FT.  WORTH,  TX  76102 

CHIEF,  SCIENTIFIC  SERVICES 
NWS,  PACIFIC  REGION 
P.O.  BOX  50027 
HONOLULU,  HI  96850 

METEOROLOGIST  IN  CHARGE 
WEA.  SERV.  FCST.  OFFICE,  NOAA 
660  PRICE  AVE. 

REDWOOD  city,  CA  94063 

DIRECTOR 

CENTRAL  PACIFIC  HURRICANE  CENTER 

NWS.  NOAA 

HONOLULU,  HI  96819 

DIRECTOR  (0AX4) 

INTL.  AFFAIRS  OFFICE,  NOAA 
6010  EXECUTIVE  BLVD. 

ROCKVILLE,  MO  20852 

DIRECTOR  lAOHL) 

NATIONAL  HURRICANE  RSCH.  LAB, 
1320  S.  DIXIE  HWY. 

CORAL  GABLES,  FL  33146 

OR.  E.  W.  FRIDAY,  OEP.  DIR. 
NATIONAL  weather  SERVICE 
6RAMAK  BLDG,  8060  13Th  ST. 

SILVER  SPRING,  MO  20910 

HEAD,  ATMOS.  SCIENCES  DIV. 
NATIONAL  SCIENCE  FOUNDATION 
1800  G  STREFT,  N.W. 

WASHINGTON,  J'  20550 

LABORATORY  FOR  ATMOS.  SCIENCES 
NASA  GODOARO  SPACE  FLIGHT  CEN. 
6REENBELT.  MD  20771 

CHAIRMAN 

METEOROLOGY  DEPT. 

PENNSYLVANIA  STATE  UNIV. 

503  OEIKE  BLOG. 

UNIVERSITY  PARK.  PA  16802 

CHAIRMAN 

meteorology  OEPT. 

MASSACHUSETTS  INST.  OF  TECH. 
CAMBRIDGE,  MA  02139 

DIRECTOR 

INSTITUTE  OF  GEOPHYSICS 
UCLA 

LOS  ANGELES,  CA  90024 

atmospheric  sciences  OEPT. 
university  OF  WASHINGTON 
SEATTLE,  WA  98195 

environmental  SCIENCES  OEPT. 
FLORIDA  SIATE  UNlVtRSITY 
TALLAHASSEE,  FL  J2306 


CHAIRMAN,  meteorology  OEPT. 
university  of  WISCONSIN 
1225  W.  OAYTON  SIREET 
MADISON,  WI  53706 

DIRECTOR  OF  METEOROLOGY 
OEPT.  or  earth  &  ATMOS.  SCI. 
ST.  LOUIS  UNIVERSITY 
P.O.  BOX  8099 
ST.  LOUIS,  MO  63156 

CHAIRMAN 

INSTITUTE  OF  ATMOS.  PHYSICS 
UNIVERSITY  OF  ARIZONA 
TUSCON.  AZ  85721 

TEXAS  AiM  UNIVERSITY 
DEPT.  OF  METEOROLOGY 
COLLEGE  STATION,  TX  77843 

CHAIRMAN 

METEOROLOGY  OEPT. 

UNIVERSITY  Of  OKLAHOMA 
NORMAN,  OK  73069 

CHAIRMAN 

METEOROLOGY  &  PHYSICAL  OCEANO. 
COOK  COLLEGE,  P.O.  BOX  231 
RUTGERS  UNIVERSITY 
NEW  BRUNSWICK,  NJ  08903 

DIRECTOR  OF  RESEARCH 
institute  FOR  STORM  RESEARCH 
UNIV.  Of  ST.  IHOMAS 
3812  MONTROSE  BLVD. 

HOUSTON,  TX  77006 

CHAIRMAN 

DEPT.  OF  METEOROLOGY 
CALIFORNIA  STATE  UNIVERSITY 
SAN  aOSE,  CA  95192 

CHAIRMAN 

OEPT.  OF  EARTH  SCIENCES 
UNIVERSITY  OF  NORTH  COLORADO 
GREELEY,  CO  80631 

DOCUMENTS/REPORTS  SECTION 
LIBRARY 

SCRIPPS  INST.  OF  OCEANOGRAPHY 
LA  JOLLA,  CA  92037 

R.S.M.A.S.  LIBRARY 
UNIVERSITY  OF  MIAMI 
4600  RICKENBACKER  CAUSEWAY 
VIRGINIA  KEY 
MIAMI,  FI  33X49 

HEAD,  OEPT.  OF  ENV .  SCIENCES 
UNIV.  OF  VIRGINIA,  CLARK  HALL 
CHARLOTTESVILLE.  VA  22903 

ATMOSPHERIC  SCIENCES  DEPT. 

UCLA 

405  HIL6AR0  AVE. 

LOS  ANGELES,  CA  90024 

CHAIRMAN 

DEPT.  OF  ATMOS.  SCI.  LIBRARY 
COLORADO  SIATE  UNIVERSITY 
foothills  CAMPUS 
FT.  COLLINS,  CO  80523 

THE  EXECUTIVE  DIRECTOR 
AMERICAN  MLTEORO.  SOCIETY 
45  81AC0N  STREET 
BOSTON,  MA  02108 

AMERICAN  HLI.  SOCIETY 
MEIIORO.  K  GEOASTRO.  ABSTRACTS 
P.O.  BOX  1736 
washing  lijti,  DC  20013 

DIRECTOR,  JTWC 
BOX  1  7 

FPO  SAN  FRANCISCO  96630 


UNIVERSITY  OF  HAWAII 
DEPT.  OF  METLOkOLOGY 
2525  CORREA  ROAD 
HONOLULU,  Ml  96822 

WORLD  MITEUROLOGICAL  QRG. 

ATS  OlV. ,  ATIN:  N.  SUZUKI 
CH-12n,  GENEVA  20, 

SWITZERLAND 

LIBRARY,  CSIRO  OIV. 

ATMOSPHERIC  PHYSICS 
STATION  STREET 
ASPENOALE,  3195 
VICTORIA,  AUSTRALIA 

LIBRARIAN,  METEORO.  OEPT. 
UNIVERSITY  OF  MELBOURNE 
PARKVILLE,  victoria  3052 
AUSTRALIA 

BUREAU  OF  METEOROLOGY 
ATTN;  LIBRARY 
BOX  1289K.  GPO 

MELBOURNE,  VIC,  3001  AUSTRALIA 

DIRECTOR  OF  NAVAL 

oceanography  S.  METEOR. 

OLD  WAR  OFFICE  BLDG. 

LONDON,  S.W.I.  ENGLAND 

DIRECTOR 

ROYAL  OBSERVATORY 
NATHAN  ROAD,  KOWLOON 
HONG  KONG,  B.C.C. 

THE  DIRECTOR 

INDIAN  INSTITUTE  OF  TROPICAL 
METEOROLOGY,  RAMOURG  HOUSE 
PUNE  411-005 
INDIA 

DIRECTOR  GENERAL 
METEOROLOGICAL  DEPT. 

GOVERNMENT  Of  INDIA 
NEW  DELHI,  3  INDIA 

LIBRARY 

METEOROLOGICAL  RESEARCH  INST. 
1-1,  NAGAMINE,  VATABE -MACH I , 
TSUKUBA-GUN 
IBARAKI-KEN  305  JAPAN 

TYPHOON  RESEARCH  LABORATORY 
ATTN:  LIBRARIAN 
meteorological  RESEARCH  INST. 
1-1  NAGAMINE,  YATABE-MACHI , 
TSUKUBA-GUN 

IBARAKI-KEN.  305,  JAPAN 

MARITIME  METEOROLOGY  DIV. 

JAPAN  meteorological  AGENCY 
OTE-MACHI  1-3-4  CHIYODA-KU 
TOKYO,  JAPAN 

HYDROGRAPHIC  DEPT, 

MARITIME  SAFETY  AGENCY 
3-1,  TSUKIJI  5-CHOME 
CHUO-KU,  TOKYO 
104,  JAPAN 

JAPAN  METEOROLOGICAL  AGENCY 
3-4  OTEMACHI  1-CHOME, 
CHIYOOA-KU 
TOKYO  100,  JAPAN 

heather  central  SERV.  SQ . 

JASOF 

FUCHU,  TOKYO,  JAPAN 

METEOROLOGY  SATEl.LUTE  CENTER 
235  NAKAKIYOT,  3-CHROME 
KIYOSE,  TOKYO,  180-04 
JAPAN 

KOREA  OCEAN  RtSEARCM  K 
oevelopmeni  iNsriruTE 
P.O  BOX  17.  VANG  JOE 
SEOUL,  KOREA 
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TECHNICAL  LIBRARY 
WEATHER  BUREAU 
DEPT.  OF  NATIONAL  DEFENSE 
LUNGSOD  NG  QUtZUN 
QUEZON,  PHILIPPINtS 

NATIONAL  WEATHER  SERVICE 
PHILIPPINE  ATMOS.  GEOPHYS.  I< 
astro,  serv.  admin.  (PAGASA) 
MP4  QUEZON  AVE. 

QUEZON  CITY,  METRO  MANILA 
PHILIPPINES 

DIRECTOR 

TYPHOON  MODERATION  RSCH  I, 
DEVELOPMENT  OFFICE  PAGASA 
MINISTRY  OF  NATIONAL  DEFENSE 
MZ4  QUEZON  AVE. 

QUEZON  CITY,  PHILLIPINES 

COORDINATOR,  ESCAP/WHO 
TYPHOON  COMMITTEE  SECRETARIAT 
C/O  UNDP 

MANILA,  PHILIPPINES 

CHIEF  ATMOS.  SCIENCES  OIV. 
WORLD  METEOROLOGICAL  ORG. 

P.O.  SOX  S 

GENEVA  20.  SWITZERLAND 


COMMANDING  OFFICER 
USS  CORAL  SEA  (CV-43) 
METEOROLOGICAL  OFFICER.  OA  DIV 
FPO  SAN  FRANCISCO  96632 


OET  4  HQ  AWS/CC 

APO  SAN  FRANCISCO  96334 

DIRECTOR 

OFFICE  OF  PROGRAMS  RX3 
NOAA  RESEARCH  LABORATORIES 
8OUL0ER,  CO  80302 

METEOROLOGICAL  OFFICE  LIBRARY 
LONDON  ROAD 
BRACKNELL,  BERKSHIRE 
RG  12  2SZ  ENGLAND 

CHAIRMAN 

DEPT.  OF  EARTH  SCIENCE 

KONG  JU  NATIONAL  TEACHERS  COLLEGE 

KONG  JU,  KOREA 


COORDINATOR 

national  ATMOS.  RSCH.  PROGRAM 
INSTITUTE  OF  PHYSICS 
ACADEMIA  SINICA 
TAIPEI,  TAIWAN 

CENTRAL  WX  BUREAU 
64.  KONG  YUAN  RD 
TAIPEI,  TAIWAN  100 

DEPT.  OF  ATMOSPHERIC  SCIENCE 
NATIONAL  TAIWAN  UNIVERSITY 
TAIPEI.  TAIWAN  107 


